A national survey of crosssectional design was performed to determine the prevalence rates of upper extremity disorders among different industries. Trained interviewers administered questionnaires to 17,669 workers and data on musculoskeletal complaints were obtained along with information on risk factors. Overall the 1-year prevalence of neck (14.8%), shoulder (16.6%), and hand (12.4%) disorders were higher than those of the upper back (7.1%) and elbow (8.3%) among those who sought medical treatment due to the complaint. Workers in construction and agriculture-related industries showed a higher prevalence of upper extremity disorders. After multiple logistic regression adjusted for age, education, and employment duration, we found job content, physical working condition, a harmonious interpersonal relationship at the workplace and organizational problems were significant determinants of upper extremity disorders in manufacturing and service industries. Male workers in manufacturing industries showed more concern about physical working conditions while female workers in public administration emphasized problems of job content and interpersonal relationships. We concluded that these factors were major job stressors contributing to musculoskeletal pain of the upper extremity. (J Occup Health 2005; 47: 311-318) 
Work-related musculoskeletal disorder has become a subject of growing concern among populations in the industrialized countries during the last 2-3 decades [1] [2] [3] [4] [5] [6] . Although mechanization, automation and the concept of intensive safety campaigns have contributed to a safer working environment, musculoskeletal problems are still common in the working population. These disorders may cause considerable human suffering and result in a lower work capacity and reduced production. So far, over 4,000 articles on work-related musculoskeletal disorders (MSD) have been published 3) , however, most of these studies were based on populations in Europe and North America 1, 2, 4, [6] [7] [8] [9] , which may not be generalized to Asian populations due to differences in economic, social and health care systems. Moreover, the comparison and discussion of industry-specific characteristics in musculoskeletal problems has been limited.
During the last two decades, Taiwan has gone through a dramatic transformation, from an agriculture-based economy toward high technology and service dominating industries. However, industries in Taiwan usually have long working hours, i.e. 196.1 hours per month in industrial sectors 10) , and a large proportion of small-sized enterprises. For example, in 1998, a nationwide survey reported that 58.7% of the working population was employed by companies with fewer than 50 workers 11) . Until recently the issues of ergonomics and job stress have not been paid much attention in Taiwan and although the occurrence of major or fatal accidents has decreased 12) , injuries resulting in permanent disability are still high compared with developed countries.
The aim of our study was to investigate the prevalence and risk factors of self-reported musculoskeletal pain of the upper extremities in the general workforce of Taiwan.
Special attention was focused on psychosocial factors in the workplace after controlling other determinants.
Material and Methods

Study subjects
The present study was based on the database of the national survey on Employee's Perception on Safety and Health in the Work Environment. This broad-scale survey was conducted by the Institute of Occupational Safety and Health (IOSH) in Taiwan under the guidance and assistance from Directorate-General of Budget, Accounting and Statistics. Taking advantage of the enormous manpower supported by the agency, which has about 500 trained interviewers throughout Taiwan, a twostage stratified random sampling was conducted and a total of 18,120 employees were successfully interviewed by personal visit during September 20-30 in 1998. In the first stage, all of the districts in urban areas and the villages in rural areas were grouped into 24 strata according to their levels of urbanization. Secondly, households were randomly selected from each stratum. For the sampled households, residents working as paid employees during the time of this survey were identified and interviewed by trained interviewers with standardized questionnaires about workers' perceptions on safety and hazards in the work place as well as health problems, medicine-seeking attitude, working environment and demographic characteristics, etc. As the mining, electricity, gas, and water industries covered fewer than 2.4% of all workers, they were not included. Thus, a total of 17,669 subjects were included in the final data analysis.
Questionnaire
The questionnaire used was firstly constructed by the IOSH from the experts' focus group for the 1988 survey, and modified in the present study for a more comprehensive scope of employees' subjective assessment of the work environment and their own physical and psychological conditions over the year prior to the questionnaire administration 11) . The questions regarding subjective musculoskeletal pain originated from the Nordic musculoskeletal questionnaire 13) . With reference to an illustrated body chart, the subject was asked if he-she had experienced the musculoskeletal soreness or pain of the upper extremities (UE), including the neck, shoulder, upper back, elbow, wrist and hand during the past 1 year. If the answer was 'yes', the way of dealing with the symptoms such as (1) seeking treatment from physician or traditional Chinese medicine, or (2) self care with over-the-counter drugs, or (3) non-treatment and others was further assessed by a categorical scale as well.
Classification of psychosocial factors in the workplace
The psychosocial condition was evaluated in terms of job stress, comfort of working environment, satisfaction with safety and hygiene at the work site, and so on. First, each study subject was asked to identify their own major sources of stress at work, if any, by a nominal scale. All the answers were classified into 4 domains: problems with job content (i.e., heavy workload, monotonous task, lack of career prospects), poor physical working conditions, problems of relationship with co-workers or supervisors, organizational problems (i.e., evaluation and promotion policies for performance, provision for vacation or sick leave, lack of in-service training, dissatisfaction with salary, benefit or welfare). Then another two psychosocial factors about the working environment were also classified by the Likert scale in 5 levels. For the safety and hygiene of the workplace, the subjects who felt "very satisfied" or "satisfied" were combined as one level, and those who felt "very unsatisfied" or "unsatisfied" were also grouped together in another level, while the others who choose the answer "neither good nor bad" were classified as the intermediate level.
For the second question regarding the working environment, the subjects who felt their working environment "comfortable" or "very comfortable" were combined as one category, while those who felt their workplace "uncomfortable" or "very uncomfortable" were grouped together in another level. Because relatively few subjects chose the option "neither good nor bad", they were merged with the "comfortable" group described above.
Data analysis
In order to improve the specificity, subjects were scrutinized according to two main criteria: (1) the existence of self-reported UE musculoskeletal pain, and (2) whether or not the affected worker sought any medical treatment. Thus, study participants were categorized into groups of either having UE symptoms and seeking treatment, UE symptoms only, or being asymptomatic on the basis of self-report. Here only the subjects who met the aforementioned two criteria were defined as the cases, and the other were controls. The categorization of industries was done according to the Standard Industrial Classification System of the Republic of Taiwan (SICSROC) 14) , which is as the same as the international classification system. All subjects from 11 industry categories were further summarized into 6 main industry codes, i.e., manufacturing, service industry (including trade, accommodation, food service, finance, insurance, real estate, etc.), public administration, construction, transportation, storage and communication, and agriculture-related industries (including agriculture, forestry, fishing and animal husbandry). Furthermore, age was also classified into 5 strata in order to determine the age-modifying effect, i.e., <26, 26-35, 36-45, 46-55, and > 55 yr old. Multiple logistic regression analysis was performed to assess the independent and interactive effects of all the psychosocial factors and the potential confounding factors (i.e., age, education and employment duration) for male and female workers separately. However, most of the interactions were not significant and they were not included in the final regression models. All data analysis was performed using the Statistical Analysis System (SAS) package, version 6.12 15) .
Results
Demographics of the study subjects
The basic demographics characteristics of the 17,669 subjects (response rate=85.3%) are summarized in Table  1 . It was noted that the gender composition varied widely among the six industry categories, i.e. the percentage of male workers ranged from 89.9% for the construction industry to 44.8% for the service industry. As to the distribution of age and education level, most workers in agriculture-related industries were older than 45 yr and had only received primary education or below. The main workforce of other industries was aged below 45 yr and had received education of high school level or higher. Table 2 summarizes the prevalence of UE musculoskeletal pain of the workers fulfilling the two aforementioned criteria and also those workers with the symptoms only. In general, the most susceptible UE body parts of musculoskeletal pain were the shoulder and neck region, followed by the wrist and hand. For all industries, higher prevalence rates were observed in the hand (21.4%), shoulder (18.9%), and neck (16.4%) than the elbow (14.3%) and upper back (9.2%) when the two criteria were simultaneously met. Among the six main industry categories, workers of the construction and agriculture-related industries were recognized as highrisk groups for most UE musculoskeletal pains, except in the neck region. The highest prevalence in the neck region was reported in public administration (19.1%) and the construction industry (17.9%).
Prevalence of UE musculoskeletal pain
Job stress in the workplace
As shown in Table 3 , for the UE pain cases, problem with job content or lack of career prospects (28.1%) seemed to be the most frequently expressed job stressor across the industrial categories, followed by organizational problems (16.2%). However, it was noted that the job stress of poor physical working conditions also played a significant role for musculoskeletal pain among workers in manufacturing industry (17.8%). For the service industry and public administration, in which workers had a greater opportunity for direct contact with customers, the percentages of having problems of relationship with co-workers or supervisors were higher than other industries. The reported rate was 7.5% for the general service industry and 8.7% for public administration. Overall, case subjects appeared to declare existence of job stress more frequently than control ones. Table 4 summarizes the results of logistic regression analysis on the risk factors for the musculoskeletal pain among male and female workers after adjusting for age, education level and employment duration at the present company. When workers of all industries were studied as a whole, the significant risk factors related to UE musculoskeletal pain included greater job stress, the feeling of an uncomfortable working environment, and dissatisfaction with the safety and hygiene in the workplace. The odds ratios for job stressors, including problems with job content, poor physical working condition, and relationships with co-workers or supervisor were all greater than 1.5 (all of them p<0.0001).
Risk factors for UE Musculoskeletal pain
For the manufacturing and service industries, job stress as well as safety and hygiene of the job were significantly associated with musculoskeletal pain. Interestingly, in manufacturing industry the problem of relationship (OR=2.5, 95% CI: 1.6 to 3.7) and dissatisfaction with the safety and hygiene of the workplace (OR=2.6, 95% CI 1.6 to 4.2) showed a stronger influence in female workers than male workers, whereas in the service industry, job stress from physical working conditions (OR=2.0, 95% CI 1.4 to 3.0) and uncomfortable working environments demonstrated significant influence for female workers but not male workers. For public administration, problems with job content or lack of career prospects (OR=2.2, 95% CI 1.2 to 4.1) and organizational problems (OR=2.6, 95% CI 1.3 to 5.2) were recognized as the important risk factors for female workers. For the construction industry, job stress due to having problems with poor physical working conditions (OR=2.5, 95% CI 1.7 to 3.9) and relationships with co-workers or supervisors (OR=3.3, 95% CI 1.7 to 6.7) were the major risk factors of UE musculoskeletal pains for male workers. For the transportation and communication industries, problems with poor physical working conditions (OR=2.2, 95% CI 1.1 to 4.6) and dissatisfaction with safety and hygiene in the workplace (OR=3.0, 95% CI 1.4 to 6.4) were the strongest factors for male workers. Because of small numbers of subjects in agriculture-related industry and female workers in construction and transportation industries, none of the aforementioned determinants were significantly associated to the reported musculoskeletal pain and they were omitted from Table 4 .
Discussion
The study subjects were sampled nation-wide under a two-stage, stratified sampling design and the questionnaire response rate was as high as 85.1%. Accordingly, we believe that the sample is probably representative for making inferences about the prevalence of UE musculoskeletal pains among different industries. Moreover, because the questionnaire interviews were conducted by well-trained interviewers, the possibility of misunderstanding of the questions during the interview was minimized. Besides, two criteria were set during data analysis in order to select those workers with definite pain and seeking treatment. Thus, the estimated prevalence of UE musculoskeletal pain was probably more conservative and reliable.
The following limitations shall be discussed, however. First, since it is generally difficult to assess individual biomechanical loading accurately through a questionnaire, the present study only focused on variables related to psychosocial stress, work environment conditions and organization, which were readily accessible through subjective assessment. In addition, due to the nature of self-reported data, the survey may not have comprehensively distinguished work-related musculoskeletal problems from those unrelated to work; this is also a common problem encountered in other epidemiologic studies 16) . Hence we deliberately avoided the use of the term "work-related" when presenting the prevalence in this study. Moreover, because of the crosssectional design in the this study, we should be cautious in drawing any conclusion about a causal relationship between UE musculoskeletal pain and risk factors at work, especially regarding psychosocial factors. Nevertheless, with the regression model for data analysis, we were able to control the potential confounding effects of age, education and employment duration to some degree, which might reconcile the disadvantages in the cross-sectional study.
The present study also showed that the prevalence rate of musculoskeletal pain was, to some extent, consistent with each industry's job characteristics. For instance, both agriculture-related and construction industries, which are characterized with more heavy manual work, were found to be in the high-risk category for all parts of UE musculoskeletal pain. The sedentary work related to sustained postures or monotonous movements in public administration only showed higher prevalence rates of neck and shoulder pain as compared with other industries.
Compared with a similar national survey conducted in 1994 17) , the prevalence rates of neck, shoulder, hand and wrist problems defined as "symptoms only" in the present study were generally higher than reported previously (ranged from 10.3% to 17.3%), which implies an increase of UE musculoskeletal problems in the Taiwanese working population during these years. On the other hand, the 1-year prevalence rate of 24.5% self-reported neck complaint was slightly less than those reported from European member states, which were approximately 28% 1) . Moreover, both surveys showed the same trend of higher prevalence rates for musculoskeletal pains in the neck and shoulder regions than those of elbows and wrists/hands.
We examined the reported frequencies of job stressors, and the problems with job content and organization-related problems seemed to persist as compared with the previous survey 18) , which is consistent with both the demand-control theory [19] [20] [21] [22] and the effort-reward theory 23, 24) . However, this study disclosed two more factors, problem of relationships with co-workers or supervisors and physical working conditions, as significant job stressors in different industries. The independent association between poor interpersonal relationships at the workplace and UE musculoskeletal complaints in manufacturing, construction and service industries appeared to be consistent with the demand-control theory, while the significant impact of physical condition reminded us that biomechanical factors should always be considered, as shown in the manufacturing, construction and transportation industries in Table 4 . Because our study did not ask detailed organization problems or conduct direct biomechanical measurement at the worksite, we were unable to test other theories summarized in the reviews by Huang 25) and Bongers 26) . Future studies should consider the characteristics of different industries and collect more detailed information to test specific theories.
A gender difference in association between psychosocial factors and UE musculoskeletal pain was also found in the manufacturing, service and administration industries. For example, working environment was a strong determinant for male workers in manufacturing industry and for female workers in service industry. It is probably due to the traditional Taiwanese culture in manufacturing that the male workers are more easily assigned to jobs with heavier and dirtier or more uncomfortable physical working conditions than female workers. As there are fewer heavy and dirty jobs in the service industry, the problem of poor working environment becomes less apparent for male workers. Meanwhile, female workers in the service industry showed concern in all the studied psychosocial factors except for those who worked in public administration, for whom the problem of job content or lack of career prospect might be more frequently encountered and for whom relationships with supervisor and co-workers became more important, too.
It is also worthwhile to emphasize social support as an important factor among Taiwanese workers, which is similar to findings reported in Japan 27, 28) . In these countries, which are influenced by oriental culture, people are probably more family-bound or society-oriented than westerners 29) . It might indicate that workers in Taiwan have some tendency to sacrifice personal interest for the interpersonal harmony of a group rather than to argue aggressively with his/her families and/or colleagues 30) . Therefore, this culture might drive people to express more concern about interpersonal relationships with supervisors and co-workers rather than other sources of job stress 31) . Here, any conflict occurring in the workplace is frequently thought of as interpersonal conflict rather than concern on a particular issue 32) . Thus, the resulting suffering from poor interpersonal relationships might be even more detrimental to one's psychological well-being in Taiwanese society. More studies are needed to explore the role of cultural influence on the development of musculoskeletal disorders, especially on the differences and similarities between western and far eastern countries.
Conclusions
Workers of the construction industry and agriculturerelated industries were most susceptible to UE musculoskeletal pain. After adjustment for age, education level and duration of employment, job stress due to job content, physical working condition organizational problems as well as dissatisfaction with safety and hygiene in the workplace were significantly associated with developing UE musculoskeletal pain. The interpersonal relationships with co-workers and supervisors should also be considered and strongly emphasized in occupational health promotion programs in workplace.
